We examined the effects of exogenous myoglobin, a bivalent chelator, and nitrite on 21
model solution without addition of exogenous myoglobin. After incubation, the amount 23 of ZPP in a model solution was increased but that of heme was not decreased compared 24 with the amounts before incubation. Protoporphyrin IX (PPIX) instead of ZPP also 25 accumulated in a model solution with addition of EDTA, but the amount of heme was 26 not reduced. These results suggested that ZPP was not formed by the Fe-Zn 27 substitution in heme but was formed by the insertion of Zn into PPIX, which was 28 formed independently. The fact that the effects of various factors in model systems 29
with/without addition of a bivalent chelator were similar suggested that ZPP formation 30 was strongly affected by PPIX formation. Inhibition of PPIX formation by nitrite 31 might be the reason for the low levels of ZPP in cured meats. 32 By use of autofluorescence of ZPP, it has been revealed that ZPP was distributed in not 57 only lean meat but also fat tissue by using near-UV purple LED irradiation and an 58 image analysis (Wakamatsu, Odagiri, Nishimura & Hattori, 2006) . 59
On the other hand, exogenous myoglobin was added into a model solution that was 60 established by Wakamatsu, Okui, Nishimura & Hattori (2004) . The addition of 61 exogenous myoglobin may affect ZPP formation. Moreover, the amount of ZPP formed 62 extraction by acetone, the fluorescent spectra of the extracts were measured from 450 to 107 700 nm at 420/410 nm for excitation using a spectrofluorophotometer (RF-5300PC, 108
Shimadzu Corp., Kyoto, Japan). Fluorescence intensity at 590 nm for excitation at 420 109 nm was regarded as the amount of ZPP formed, and fluorescence intensity at 630 nm for 110 excitation at 410 nm was regarded as the amount of PPIX formed. All operations were 111 carried out in darkness as much as possible. 112 113
Quantitative analysis of ZPP, PPIX and heme 114 115
The contents of ZPP, PPIX and heme were determined by HPLC as described by Guo, Japan). A probability of P<0.05 was considered statistically significant.
139
First, in order to investigate the effects of exogenous myoglobin in our established 142 experimental model, the effect of the amount of added myoglobin on the amount of ZPP 143 formed was examined (Fig. 1) . When exogenous myoglobin was added at 0.1%, the 144 amount of ZPP formed was maximal. With further addition of myoglobin, the amount 145 of formed ZPP gradually decreased. The amount of ZPP formed was significantly 146 increased with the addition of 0.1% exogenous myoglobin. The cause of the increase is 147 unclear and it may be because myoglobin used in this study was metmyoglobin or 148 included impurities. However, ZPP was formed despite no addition of myoglobin. 149
Therefore, this result suggested that exogenous myoglobin is not always essential for 150 the formation of zinc protoporphyrin IX and ZPP. It is also possible that ZPP is formed 151 only from pork components. Since the addition of exogenous myoglobin in a model 152 solution might make it difficult to elucidate the mechanism by which ZPP is formed, the 153 mechanism should be investigated in a simpler model system with no addition of 154 exogenous myoglobin. However, the cause of increase in ZPP formation by the addition 155 of 0.1% exogenous myoglobin was not verified. 156
Next, we established a simpler model system composed of pork homogenate and 157 antibiotics without addition of exogenous myoglobin and investigated the effects of 158 various factors on ZPP formation (Fig. 2) . Oxygen inhibited ZPP formation ( Fig. 2A)  159 and the amount of ZPP formed was increased with increase in the amount of pork added 160 (Fig. 2B ). The amount of ZPP formed rapidly increased during the first 3 days of 161 incubation and increased slightly after the third day (Fig. 2C ). The amount of ZPP 162 formed was also increased with increase in incubation temperature within the range of 163 temperatures examined (4, 15, 25 and 35˚C) (Fig. 2D ). The amount of ZPP formed 164 peaked at about pH 5.5 and decreased considerably at lower or higher pH (Fig. 2E) . 165 involvement of an enzyme. The most notable dependence is the pH dependence. ZPP 167 formation peaked at 5.5, which is very close to the ultimate pH of meat. The optimal 168 pH range was narrower than those for general enzymes. Although the cause is not 169 clear, this pH range might be an important clue to elucidate the mechanism by which 170 ZPP is formed. 171
On the other hand, it has been reported that little ZPP was present in meat products 172 solution. This is due to the presence of ZPP originally contained in pork (see Fig. 3 ). 214
We also investigated the effects of various factors on the formation of PPIX in simple 215 model systems with addition of EDTA. Oxygen tended to inhibit the formation of PPIX 216 (Fig. 6A) . PPIX was increased with increase in pork content in model solutions (Fig.  217   6B ). The amount of PPIX formed increased rapidly during the first 3 days of 218 incubation and increased slightly after the third day (Fig. 6C) . The amount of PPIX 219 significantly (Fig. 6F) . All of these patterns of PPIX formation are very similar to 222 those of ZPP formation (Fig. 2) . Thus, these results indicated that ZPP in a model 
